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Th^ancient German communities, Tacitus reported nearly two 
thousand j/ears ago, held their meetings. at new or full moon, 
"the seasons most auspicious for beginning business. 

Despite or because of its easy use as a measure of time, the 
moon proved to be a trap for naive mankind. For while the 
phases of the moon were convenient worldwide cycles whic 
anybody could see, they were an attractive aead end. What 
hunters and farmers most needed was a cal enda r 0 .-.. e seasons- 
a way to predict the coming of rain or snow, of heat ana cold. 
How long until planting time? When to expect the first f 
The heavy rains? 


The first puzzle is why it was the Egyptians. They had no 
astronomical instruments not al ready well known to 
ancient world. They showed no special genius for mathematics. 
Their astronomy remained crude compared with that or tne 
Greeks and others in the Mediterranean and was aominatea y 
religious ritual. But it seems that by about 2500 B.C. they 


had fiytiTe«'^out how 'to predict when the -rising or setting sun 
would gild the tip of any particular obelisk, which hel ped them 
add a glow to their ceremoni es and anniversaries. 
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But very early the Egyptians found that twelve months of thirty 
days each could provide a useful calendar of the seasons if another 
five days were added at the end , to make a year of 365 days. This 
was the "civil" year, or the "Nile year," that the Egyptians began 
to use as early as 4241 B.C. 
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Why a seven-day week? The ancient Greeks , it seems , had no week. 
Romans 1 ived by an 8- day week. Farmers who worked in the fields 
for 7 days came to town for the eighth day--the market day (or 
nundinae) . This was a day of rest and festivity, a school hoi iday , 
the occasion for public announcements and for entertaining friends . 
When and why the Romans fixed on 8 days and why they eventually 
changed to a 7 -day week is not clear. The number seven almost 
everywhere has had a special charm. The Japanese found seven gods 
of happiness , Rome was set on seven hills , the ancients counted seven 
wonders .of the« world, • and- medieval Christians enumerated seven deadly 
sins. The Roman change from eight to seven seems not to have been 
accompl ished by any official act. By the early third century A.D. 
Romans were 1 iving with a 7-day week. 
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The Greeks, too, were torn between wanting to know the good news 
and fearing to know the bad. Thei r medical astrologers divi e 
the whole sky according to the signs of the zodiac, then assigne 
a particular stellar force to each part of the body. Then Greek 
anti -astrologers attacked the whole dogma of astral forces with 
auguments that would last into modern times. The names assigned 
to the stars , the anti-astrologers argued, were quite accidental . 
Why should this planet be called Mars and that Saturn or Venus? 

And why did the astrologers limit their horoscopes to human beings? 
Would not the same astral fortunes govern all animals?. And how 
could astrologers explain the different fortunes of twins . The ■ 
Epicureans , whose philosophy was bu i 1 1 on the be net in eacn man s 
freedom to shape his destiny, attacked astrology as a way of making 
men think they were mere slaves of the stars . 
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Yet the 1 ife of this encyclopedic genius remai ns a mystery. Probably 
descended from Greek immigrants, Ptolemy (90-168) lived in Egypt uuring 
the reigns of Emperors Hadri an and Marcus Aurelius . His A1 exandria 
had continued to be a great center of learning even after its famous 
1 ibrary was burned by Caesar in 48 B.C. 
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Water, that wonderful , fl owing medium, the luck of the planet — 
wh i ch would serve humankind i n so many ways , and which gives 
our planet a special character-made possible man ' s first smal 1 
successes in measu ri ng the dark hours. Water, which could be 
captured in any small bowl , was more manageable than the sun's 
shadow. When manki nd began to use water to serve him for a 
timepiece, he took another small step forward in making the 
planet into his household. Man could make the captive water 
fl ow fast or slow, day and night. He could measure out its 
flow in regular, constant uni ts , which would be the same at 
the equator or on the tundra, winter or summer. But perfecting 
this device was long and difficult. By the time the water clock 
was i elaborated into- a more or less precision instrument, ft. -had 
already begun to be supplanted by something far more convenient, 
more precise, and more interesting. Yet, for most of history, 
water provided the measure of time when the sun was not shining. 

And until the perfection of the pendulum clock about 1700, the 
most accurate timepiece was probably the water clock. During 
al 1 those centuries , the water clock ruled man's daily— or, 
rather, his nightly- -experience. 

The outflow type was an alabaster vessel with a scale marked 
inside and a single hole near the bottom from which the water 
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dripped. By noting the drop in the water level inside from one 
mark to the next mark below the scale, the passage of time was 
measured. The later i nf 1 ow type, which marked the passing time 
by the rise of water in the vessel , was more comp! icated, as it 
required a constant source of regulated supply . Even such simple 
devices were not wi thout thei r probl ems . In col d cl imates the 
changing viscosity of the water woul d be troublesome. But, in 
any cl imate, to keep the clock at constant speed, the hole 
through which the water poured must not become clogged or worn 
larger. The outfl ow clocks posed another minor probl em because 
the speed of fl ow depended on the water pressure, and that al- 
ways varied with the amount of water left in the bowl . The 
Egyptians therefore slanted the walls of the vessel so that, 
as the amount of water decreased, the pressure remained constant 
by bei ng concentrated on a smaller area. 
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But the hourglass , measuring time by dripping sand, comes late in 
our story. Sand was , of course, less f 1 u i d than water , and hence 
less adapted to the subtle cal i brat ion requi red by the variant 
"hours" of day and nightin early times . You could not float 
an i ndi cator on it. But sand would fl ow in cl imates where water 
could freeze. A practical and preci se sandglass required the 
mastery of the glassmaker's art. 


We hear of sand hourglasses in Eu rope in the eighth century, 
when legend credits a monk at Chartes with their invention. 
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Not until the fourteenth century did Europeans devi se mechanical 
timepieces . Until then, as we have seen, the measuring of time 

was left to the shadow clock, the water clock, the sandglass, and 
the miscellaneous candle clocks and scent clocks. While there 
was remarkable progress five thousand years ago in measuring the 
year , and useful week clusters of days were long in use, the sub- 
divided day was another matter. Only in modern times did we begi 
to live by the hour, much less by the minute. 
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It was around 1330 that the hour became our modern hour, one of 
twenty four equal parts of a day. This new "day" included the 
night. It was measured by the time between one noon and the 
next, or, more precisely, what modern astronomers cal 1 "mean 
solar time. " For the first time in history, an "hour" took on 
a precise, year-round, everywhere meaning. 

Page 62 

The great opportunity for the Jesuits came when an eclipse was 
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expected on the morning of June 21, 1629 . The Imperi al Astronomers 
predicted that the eel ipse would occur at 10:30 and woul d last for 
two hours . The Jesui ts forecast that the el i pse woul d not come 
until 11:30 and would last only two minutes. On the crucial day, 
as 10:30 came and went the sun shone in ful 1 brill iance. The Imperi al 
Astronomers were wrong , but were the Jesuits right? Then , oust at 
11:30, the cl ipse began and lasted for a brief two minutes, as the 
Jesuits had predicted. Thei r place in the Emperor's confidence was 
now secure , and the door of China whi ch Ricci had set ajar was opened 
to the sci ence of the West . The Imperi al Board of Rites begged the 
Emperor to command revi si on of the calendar , and on September 1 the 
Emperor ordered the Jesuits to begin the work. Incidentally, with 
their Chinese col 1 aborators they translated Western books on mathe- 
mati cs , optics , hydraulics , and music, and they began building tele- 
scopes for Chi na . At the very moment when , in Rome , Ga 1 i 1 eo was 
being tried by the Pope for his heresi es , Jesuits in Peki ng were 
preaching the Gal i lean gospel . 

Page 65 ... 

The first gear-cutting machline of whi ch we have any record is the 
work of an Italian craftsman, Juanelo Torriano of Cremona (1501-1575) , 
who went to Spai n i n 1540 to make an el egant large planetary clock 
for Emperor Charles V. Torriano spent twenty years planni 11 ^ a time- 


piece. with eighteen hundred gear wheels and then three and a half years 
bui 1 ding ^ it . "So every day (not counting holidays) ," his friend re- 
ported, "he had to make. . .more than three wheels that were di fferent in 
S1ze ’ number and shape of teeth , and in the way in which they are placed 
and engaged. But in spite of the fact that this speed is miraculous 
even more astounding is a most ingenious lathe that he invented. . .to 
carve out with a file iron wheels to the requi red dimension and degree 
of u ni fomii ty of the teeth . . .no wheel was made twi ce because it always 
came out right the first time. " 

The screw, 1 ike the gear, was essential for a new world of machines . Its 
prototypes , 1 ike those of the gear, go back to the time of Archimedes or 
before. An ancient Greek scientist. Hero, may have devised a screw-cutting 
tool.. But making a simple screw long remai ned a difficult operation. Until 
the mia-nineteenth century, when finally screws were made with points it j 

was always necessary in advance to prepare a hole for the full length ’of I 

the screw. j 
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The clock stimulated new talents , new kinds of understanding and imagination 
In the age of the French Revolution, Condorcet, the mathematician-philosopher 1 
and encyclopedist, while praisi ng an i nventor of improvements in si Ik-weavina 1 
machinery, observed: y j 
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Generally speaking, people have a very erroneous idea of 
the type of talent proper to the ideal mechani ci an . He 
is not a geometrician who , delving into the theory of move- 
ment and the categories of phenomena , formul ates new mecha- 
ni cal pri nci pi es or di scovers unsuspected laws of nature . . . . 

In most other branches of sci ence are to be found constant 
principles; a multitude of methods offer to the genius in- 
exhaustible possibilities. If a scholar poses himsel f a 
new problem, he can attack it fortified by the pooled know- 
ledge of all his predecessors. No elementary textbook con- 
tains the principles of thi s [new] sci ence; no one can learn 
its hi story. The workshops , the machines themselves , show what 
has been achieved, but results depend on individual effort. To 
understand a mach i ne it has to be divined. Thi s is the reason 
why tal ent for mechani cs is so rare, and can so easily go astray , 
and this is why i t is hardly ever mani fested wi thout that bold-, 
ness and the errors which , in the i nfancy of sci ence , characterize 
genius. 
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The Protestant Reformation, whi ch divided Western Christendom, had 
brought a new era of upheaval , persecuti on- -and mobi 1 i ty . In 1517 
Luther nailed up his provacative 85 Theses on the door of All Saints 
Church in Wittenberg , and so opened the Reformation in Germany. Within 
two years Zwingl i was preaching reformation in Zurich. Within another 


10 

decade Calvin announced the Reformation in France., Banished from 
Pari s , Calvin took refuge in Basel , where he published his Insti tutes 
of the Christian Religion (1536) , the first textbook of Protestant 
Christianity. Int he next decades the thousands who followed Calvin 
to Geneva made that city a center for Eu ropean refugees . 
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The older view of the movement of physical bodies , as expounded by Aristotle, 
was that nothing moved unless it was constantly being pushed by some outside 
force. But by the time the first mechanical clocks were striking in the 
town belfries of Europe, an interest in predictable regularities was 
growing- -toward a new theory of motion. Now, it was argued , thi ngs kept 
moving because of forces originally imprinted on them (vis impresa) that 
simply continued to operate. De 1 Dondi ‘s elegant model of a clockwork 
universe, recently completed, was al ready astounding the scholarly world. 

In the late fourteenth century an influential French popilarizer of 


science, Bishop Nicole d'Oresme ( 1330?- 1382 ) , created the unforgettabli 


metaphor: a clockwork universe, God the perfect clockmaker! And "if 
anyone should make a mechanical clock," Oresme asked, "woul d he not 
make all the wheels move as harmoniously as possible?" 



God the Clockmaker created each quite independently of the other, then 
wound up both of them and set them going so they are in perfect harmony. 
When I decide to life my arm, I may think that my mind is acti ng on my 
body. But really both move independently, each a part of God's perfectly 
harmonized clockwork. 
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From earliest times in China an astronomical observatory was ar. essential 
part of the cosmological tempi e , the ruler* 
central government became stronger and feet 
by contrast with astronomy in ancient Greece or medieval Europe, became 
more anc more official and governmental . This meant , of course, that 
Chinese astronomy became increasingly bureaucratic and esoteric. There 
the technology of the clock was the technology of astrological indicators 
Just as in the West the machinery for minting coins, for printing paper 
money , or for manufacturing gunpowder was tightly controlled, so in China 
were calendrical timepieces. 
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According to popular astronomy, the lowest of the seven planetary spheres 
was the moon, whose ether was nearest the earth's impure atmosphere. Pyt 


gorearns and Stcics imagined souls 


returning to 


h just after they ha< 


ro 




Page i * I 

From the earliest political records of toe Ch‘ in era (221-207 B.C. } , we 
find humerous references to maps ana their uses, China, unified in 
221 8,C. , was both the creature and the creator of a vast bureaucracy, 
which had to knew the features ana the boundaries of its extensive 
regions . The Rites of Chou (1120-256 B.C. } hao required the Director- 
General of the Hasses to prepare maps of each feudal principality ana 
register its populations. When the Chou emperor toured his realm, the 
Geographer-Royal was at his side explaining the topography and products 
of each part of the country. Onaer the Han ay nasty (202 B.C.-A.D. 220} 
maps appear again and again as the indispensable apparatus of empire. 

Page 117 

The great age of Christian pilgrimage had begun in the tenth century. 
Muslims were generally tolerant, if contemptuous, of these passionate 
"unbelievers." But as the distant Holy Land became less accessible, 
pious Christians found the balm of pilgrimage nearer home. They pro- 
duced a hybrid literature of history, sociology, myth , and folklore. 

In the popular Guide de Pelerin one could read of the pilgrim who asked 
a woman in Villeneuve for a piece of the loaf of bread she was baking 
under hot ashes in her oven. She refused, and when she went for Her 
loaf, she found only a round stone. Other pilgrims en route in Poitiers 
searched a whole street before they could find anyone to lodge them. 

That very right all houses in the street burned — except the one that 
haa giver them hospitality. Popular epics like the Chansons de Geste 
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The Crusades woulc be one of the most miscellaneous, most unruly movements 
in history . A portent of things to come was Peter the Hermit. He was 
appropriately miscalled the Hermit because he usually wore a hermit 's cape, 
but he was by no means a hermit, for he loved crowds and knew how to move 
them. Peter set up his own corps of recruiting agents and began gathering 
his motley pilgrim army in the county of Berry in central France. By the 
time he reached Cologne in western Germany on Holy Saturday , April 12, 1096, 
some fifteen thousand pilgrims of all ages , sexes , shapes, and sues had 
joined his party . "All the West and all the barbarian tribes from beyond 
the Adriatic as far as the Pillars of Hercules," a Byzantine princess, Anna 
Comnena, fearfully reported, "were moving in a body through Europe towards 
Asia, bringing whole families with them." The arrival of Peter's horde at 
Constantinople brought new troubles. There they joined forces with Walter 
the Penniless, and moved on toward the Holy City, plundering as they went. 

One group under Rainald, an Italian nobleman, sacked Christian villages en 
route, tortured their inhabitants, and were even reported to roast Christian 
babies on spits over open fires . The Byzantine emperor Alexius I tried to 
persuade adventuring knights to submit to his rule, but the more ambitious 
of them conquered and pillaged to establish new kingdoms of their own . These 
Christian forces defeated the Turks in several battles and entered Jerusalem 
in triumph i nr July 1099, so bringing to an end what came to be called the 
First Crusade. 
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Page 126 „ twice the size of the Roman Empire 

The Mongol empires were lanct empires, twice iz f r0 m 

at its greatest extent Gengh ns Khan and hi hordes came ^ 

Monaolia to Peking in 1214. In the half-centu y r oyen \ ntQ Poland 
all eastern Asia, Isten turned "esward h Mongol throne in 1259, Ms 

empi^reache^from^th^YeUow River in China to the shores of the^Danube^ 

Lublai Khan, and Hulaga-were as able „eniSs personal courage, 

omni re Thev showed a combination of military genus, a 

empire, iney and cultural tolerance unequal ea by any 

aomi m strati ve versatility, They deserve a higher place ana a 

di ff erent^ pi ace'tha^they^ave^ been give)! by the Western historian. 

Page 127 . rhHctian rulers, and the Tartar massacres of Poles 

Despite the alarms _of Christy 1 powerful allies against the Mus- 

and Hungarians, the lartars wuuiu . nath For + de Tartars , after 

lims and the Turks who blocked the eastward path. F u x ilians 0 n 

succeeding in their of 

the southern shores of the Cas P ’ oeneral in Persia had actual ly 

Baghdad and Syria. The conquering 9' 6 f France w ho was then at 

sent his embassy to Saint Louis, King Louis a for collaboration. 

Cyprus on a ^usade offering an all, nee and^askin^for ^ ^ ^ 

If Christian kings and the Pope mm , the profi t of the con- 

an alliance, they might have shared the glory and t v . 

quest of the Muslim Turks, and eventually have accomplished the aims of 
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rhri qti an Crusades with pagan help* But instead of postponing 
conversi on' unti^af ter ^worldly victory, they determined to ally only 
with fellow Christians, and so spent! , themselves on ^tile ef t t 
convert the Khans before joining them as allies. This mistake 

*!? STt1» 'leaders ^n^Wlng 

first to become comrades in arms against a common enemy, Pope Innocent 
W aW the ChHs“an powers might soon enough have made them comrades 

in faith. 

Rn 9 somehow the Mongols had forgotten to suppress the Chinese custom, at 
th e S coming ortSll moon, o? exchanging cSSii. 

car?ied 6 a piece^f pSpl^Inllde^TIie^ly- rebels/we are told, used these 

i a nno«rt-lSik5ng mo^cakes for their messengers Inssde were sn tru t ons 

for the Chinese to rise and massacre the Mongols at the time of the tun 
moon in August 1368. 

■?? g f 'St surprising then, that, manuscript coast pilots were few. From 
the whole period of Ihe Great Interruption, the fourth “"Jil the^fourteen^^ 

century, no mariner's charts survived* I n that age 
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sailors passed on their traditional knowledge by word of mouth. j 

Page 149 

As we have seen, it was not until the eighteenth century that a sea- 
faring clock made it possible for mariners to define their longitude 
with a precision sufficient to enable them to use longitude to guide | 

their return to where they had been, and to guide those who wanted 
to follow them. Besides all these problems, leaving the Mediterranean 
obviously carried the risk of being driven off course into the trackless 
open ocean. I 

Page 150 f 

The Catalan Atlas aimed to provide a "mappamundi , that is to say, j 

image of the world and of the regions which are on the earth and of j 

the various kinds of peopl e who inhabit it." It expressed the dominant ! 
interests of European mari ners of the Age of the Land that was neari ng 
its end. The east-west stretch that was the center of their world was 
depicted on twelve leaves mounted on boards to fold like a screen. 

It did not show northern Europe, northern Asia, or southern Africa, but ; 
did show the Orient and the 1 i ttl e that was known of the Western Ocean. ; 
By contrast with Christian maps, it was a triumph of empiricism. It ! 

showed what could be learned by adding up the experiences of countless 
individuals , i ncl udi ng Arabic seamen and the very 1 atest Eu ropean world 
travelers. Of course, the map-m lakers had to start with something and 
they inevitably started with the familiar T-0 circular forms . Jeru- 
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landscape. But this is esse y erranean, and of Western Europe are 

seac° as ts of the Black Sea, (| Of the Mediterranean, c^nti ess Qf the$e 

del ^f™d/bv active seamen and recorded on their coastal guides. Abraham 
“es5uesalso y drew on the reports brought back by recent travelers to Asia. 

res raffis m*- 

fo™”and universal. Any t» maps properly made according to his prescription 
would be precisely alike ! 

the early tmraenui tenw j knowledae of Ptolemy's work could 

nospread' until^it^aiftranslated into Latin In 1400 a copy of Ptolemy 

natrons of learning There the geography was translated from Greek into 
Lat?n by1he ceUb?ked Manuel Chrysoloras (1355-1415) and his pupils. By 
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fi fteenth century numerour Lati n manuscripts of Ptolemy's geography were 
circulating in Western Europe. More than forty from ( this period have sur- 
vived, SOme of these manuscripts were accompanied by what purported to be 
Ptolemy's maps, usually twenty-seven in number. The earliest printed version of 
this Latin translation (Vicenza, 1475) produced only the texts . Modern scholars 
are puzzled over what became of Ptolemy's work during the Great Interruption. 
Where were his text and his maps during the millennium between Ptol envy's death 
and the revival of his work? It now seems likely that only the first theoretical 
book of the Geography survives substantially as Ptolemy wrote it. The remaining 
books, including the lists of cities located by his system and the maps, appear 
to have been compiled over the centuries by Byzantine and Arabic scholars and 
fathered on hi s emi nent name. 
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One of these latter-day Venetian merchants was Nicolo de' Conti , who traveled for 
twenty-five years after leaving Venice in 1419.' 
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Unlike Columbus, who would aim straight for the Indies, Price Henry the Navigator 
had a larger, a vaguer, and more modern destination — true to his horoscope. "The 
noble spirit of this prince," the admiring reporter Gomes Eanes de Zurara explainec 

"was ever urging him both to begin and to carry out very great deeds he had alscj 

a wish to know the land that lay beyond the isles of Canary and that Cape cal 1 ed 
Bojador, for that up to his time, neither by writings, nor by the memory of man, j 
was known with any certainty the nature of the land beyond that Cape. . . .it seemed I 
to him that if he or some lord did not endeavour to gain that knowledge, no mari- 
ners or merchants would ever dare to attempt it, for it is clear that none of them 
ever trouble themselves to sail to a place where there is not a sure and certain 



